As prevalence of metabolic syndrome has rapidly increased over the past decade, lifestyle changes including dietary habits are considered as a therapeutic cornerstone for metabolic syndrome, cardiovascular complications and type 2 diabetes. We evaluated the effectiveness of a telephone-delivered nutrition education to improve metabolic parameters compared with a single -visit with a dietitian in subjects with metabolic syndrome. A total of seventy-one adults who met diagnostic criteria for the metabolic syndrome were randomly assigned to either the single-visit group or the in-depth nutrition education group during a 3-month intervention study period. The in-depth telephone-delivered nutrition education group had an initial visit with a dietitian and additional two telephone counseling during the first 4 weeks of the study periods. Sixty-six subjects completed a 3-month intervention study. The trial examined participant's anthropometric changes and dietary intakes as well as changes in the metabolic syndrome factors. At the end of the trial, the in-depth nutrition education group showed significantly higher reduction in weight, body fat and abdominal circumference compared with the other group (p < 0.05). In the in-depth nutrition groups, the prevalence of metabolic syndrome was decreased to 45.5%, while 69.7% of the subjects were metabolic syndrome patients in the single-visit group (p < 0.05). These results demonstrate that the telephone-intervention counseling is a feasible mean to deliver dietary intervention in patients with metabolic syndrome. 
Introduction
Improvements in standards of living and changes in dietary habits have resulted in changes in disease incidence and causes of death in Korea. The incidence of coronary artery disease has rapidly increased over the past decade, and cardiovascular disease has been ranked the first as a cause of death [1] . The prevalence of metabolic syndrome, which is a dependent factor of cardiovascular disease, is approximately 30% among adults older than 30 years of age [2] . In patients with metabolic syndrome who have several concomitant diseases, the incidence of developing coronary artery disease is 2 times higher and that of type 2 diabetes is 6-folds of healthy individuals resulting in 2 to 4 times higher mortality rate among metabolic syndrome patients [3, 4] . Accordingly, metabolic syndrome has a great effect on medical expenses and quality of life, and implementation of a systematic nutrition education program is required to prevent and manage metabolic syndrome.
Medical nutrition therapy (MNT) involves implementation of effective nutrition education while considering environmental factors, eating habits, and the clinical state of patients to promote changes in life styles. The MNT protocol for patients with various chronic diseases, including diabetes [5] [6] [7] , hypertension [8] [9] [10] , and hyperlipidemia [11] [12] [13] , is suggested on the basis of nutrition assessment, diagnosis, intervention, and the monitoring/evaluation process as well as in-depth nutrition education with one-time basic education and 2 or 3 additional nutritional counseling sessions, considering the personal state of the patient.
MNT provided by a professional dietician according to the standardized MNT protocol is required to maximize benefits while reducing the enormous medical expenses associated with the treatment of patients with chronic diseases. However, a follow-up nutrition education, which is designed to promote implementation of nutrition treatment for patients, involves face-to-face interviews and thereby requires patients to visit hospitals, takes too much time, and has associated issues of cost and convenience.
Accordingly, the continuous provision of information is required to manage patients with chronic diseases, and several telehealth methods, such as mail, internet, and telephone counseling as communication channels, have been suggested [14, 15] . When nutrition education occurs online, health information can be provided with ease at a lower cost and with convenient access without time constraints, but a proper treatment adjustment according to the status of the patient can be limited. Telephone counseling is a part of linguistic persuasion, which improves behavioral changes and selfefficacy and is currently provided for self-management of patients with diabetes as a method of increasing compliance [16] . The advantages of telephone counseling are easy access, facilitation of feedback by interaction, monitoring, and positive reinforcement of the patient's level of knowledge, correction of distorted awareness, and implementation of a directed diet [17, 18] . Therefore, telephone counseling can be used to facilitate nutrition treatment follow-up management with the merits of time saving and reduction of medical expenses [19] . Although the effectiveness of MNT on several diseases has been studies extensively, few studies have examined the effects of MNT on metabolic syndrome by telephone counseling. Therefore, the aim of this study was to evaluate the effectiveness of dietary management through nutrition education and telephone counseling in clinical index and nutrient intake for patients with metabolic syndrome in Korea.
Materials and Methods

Recruitment and subjects eligibility
This research was designed for patients who visited the health promotion center of a university hospital located in Gyeonggi-do from September to December 2011 for medical checkups. The diagnostic criteria for metabolic syndrome were in accordance with the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) and the WHO Asia-Pacific obesity abdominal circumference diagnosis, and the study subjects had more than 3 types of risk factors for metabolic syndrome [20] . The diagnostic criteria for metabolic syndrome were as follows: an abdominal circumference greater than 90 cm and 80 cm for men and women, respectively; blood triglyceride levels greater than 150 mg/dL; a high-density lipoprotein (HDL) cholesterol level less than 40 mg/dL and 50 mg/dL for men and women, respectively; systolic/diastolic blood pressure greater than 130/85 mmHg; and a fasting blood glucose level greater than 100 mg/dL. This randomized, comparative clinical research study was conducted in 71 participants who agreed to participate. Subjects who were diagnosed with a stroke or angina in the past 3 months, had a history of surgery or incontrollable cancer, were participating in other nutrition education programs, and had dietary disorders were excluded. Using the hospital registration number, the research subjects were randomized into the single-visit nutrition education group (37 persons) and the in-depth nutrition education group (34 persons). During 3 months, all five subjects dropped out for personal reasons; 3 subjects were dismissed due to busy working schedule, and 1 subject was dismissed due to need to start medication for other disease, 1 subject was dropped out for losing follow up. The final total of 66 subjects was retained for 3 months of study and completed the ending study visit ( Figure  1 ). This study was approved by the Bundang Seoul National University Institutional Review Board and written informed consent was obtained from each subject.
Study design
Initial nutrition education was provided to both groups, and follow-up nutrition education was provided only to subjects in http://e-cnr.org the in-depth nutrition education group through two telephone counselings apart by 2 weeks during the first 4 weeks of trial. A registered dietitian conducted MNT for 3 months according to a modified protocol for metabolic syndrome patients based on MNT protocol for diabetic patients which is established by the American Dietetic Association [21, 22] . Figure 2 presents details on the MNT protocol. The initial nutrition education was performed to enable basic self-management through calories counting by using food exchange table and meal pattern management. For in-depth nutrition education group, during follow-up nutrition education, acceptance and understanding were evaluated, considering life styles including dietary habits, and clinical state; in addition, customized education was evaluated through proper feedback and focused on encouraging maintenance of dietary changes according to the dietary guide and individual personal risk factors.
Nutritional assessment
Subjects completed a questionnaire regarding general characteristics and life styles including smoking history, drinking history, and dietary habits. Anthropometric and biochemical assessment were performed twice, before initial nutrition education and 3-month later. Height and weight were measured using an automatic height/weight measuring machine (GL-150P; G-Tech International, Korea), with the subject in an erect posture, barefoot in light clothing. Height was measured by 0.1 cm with a linear height measuring machine, and weight, percentage of body fat, and muscle mass were measured with a device that applies the impedance method by part through the multi-frequency method (Inbody 3.0; Biospace, Korea). Body mass index (BMI) was calculated by dividing the subject's weight by the square of the height. For the abdominal circumference, the lowest rib part and the middle part of the upper pelvis crista iliaca were measured by 0. 1 cm units using a measuring tape. Blood pressure was calculated using an average after maintaining a stable state in a sitting posture for 5 minutes and measuring the systolic and diastolic blood pressure twice using an automatic blood pressure gauge (Sysmex XE-2100; Sysmex, Japan). Blood glucose, total cholesterol, triglyceride, HDL cholesterol, and low-density lipoprotein cholesterol levels were analyzed using an autoanalyzer (Autoanalyzer Hitachi 747; Hitachi Ltd., Japan) after deserting 15 mL of venous blood at room temperature for more than 60 minutes since 12-hour vacant stomach and separating serum through 15-minute centrifugal separation at 2,500 rpm for 15 minutes. The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as follows:
HOMA-IR = fasting insulin (μU/mL) × fasting plasma glucose (mmol/L)/22.5.
Analysis of food intake was performed for all subjects before initial nutrition education and used the 24-hour recall method; the dish names, materials, and quantities of food were recorded. Dietary intakes for all participants were reevaluated by the 24-hour recall method 3 months after the edu- Changes in the anthropometric, biochemical data, and nutrient intake as a result of education were evaluated by the paired t-test. All clinical variables were shown in the average ± standard deviation or percentage, and p < 0.05 indicated statistical significance.
Results
General characteristics
The general characteristics of study subjects are provided in Table 1 . The ages of the subjects were 48. 1 ± 12.3 in the singlevisit nutrition education group and 48.6 ± 13.4 in the in-depth nutrition education group, and there were 19 men (57.6%) in the the single-visit nutrition education group and 16 men (48.5%) in the in-depth nutrition education group. There was similar distribution of general characteristics such as age and sex between the two groups without a significant difference.
A total of 48.5% and 45.5% of the single-visit nutrition education group and of the in-depth nutrition education group exercised, respectively and 45.5% in the single-visit nutrition education group and 57.6% in the in-depth nutrition educa- tion group currently consumed alcohol. A total of 75.8% in the single-visit nutrition education group and 81.8% in the indepth nutrition education group were non-smokers, and there was a similar distribution between the two groups in regard to exercise, drinking, and smoking behaviors without a significant difference. Table 2 lists nutrients and calorie intake before and after nutrition education using the 24-hour recall method. Calorie intake compared with prescription quantity decreased significantly from 104.2% to 86.4% in the single-visit nutrition education group and from 112.2% to 102.2% in the in-depth nutrition education group (p < 0.05). Carbohydrate intake also decreased from 283.9 g/d to 242.5 g/d and 294.5 g/d to 233.8 g/d in the in-depth nutrition education group and in the single-visit nutrition education group, respectively (p < 0.05). Carbohydrate, protein, and fat intake compared with total calorie intake were not significantly different in both groups.
Analysis of dietary intakes
Changes in anthropometric and biochemical measurements
Physical and biochemical measurements of study subjects are shown in Table 3 . At baseline, there was no significant difference between two groups in both anthropometric and biochemical measurements. The average body weight was changed from 76.2 ± 14.5 kg to 75.4 ± 15.0 kg in the singlevisit nutrition education group and body fat was changed from 29.0 ± 7.4% to 29.3 ± 5.7%, which was not significant. In the in-depth nutrition education group, body weight and abdominal circumference was reduced significantly after 3 months (p = 0.05). At initial assessment, the BMI in the singlevisit nutrition education group and the in-depth nutrition education group was 27.0 ± 2.7 kg/m 2 and 26.0 ± 3.5 kg/m 2 , respectively, which is greater than the average obesity criteria in Korea (25 kg/m 2 ), and change of BMI after education was significantly different only in the in-depth nutrition education group (p < 0.05). Changes in systolic blood pressure were not significantly decreased in both groups, and diastolic blood pressure increased from 70.9 ± 2.2 mmHg to 77.4 ± 2.2 mmHg in the in-depth nutrition education group, which was below the diagnostic criteria of metabolic syndrome. In the in-depth nutrition education group, the cholesterol concentration decreased by 6.58% from 197.0 ± 36.7 mg/dL to 184.0 ± 28.6 mg/dL (p < 0.05) and the triglyceride value also decreased from 196.0 ± 106.8 mg/dL to 140.9 ± 71.3 mg/dL, which is below the diagnostic criteria (p < 0.01). The cholesterol/HDL-cholesterol ratio in the in-depth nutrition education group and the single-visit nutrition education group decreased by 6. 1% and 8.2%, respectively after the intervention. The tri- 
Prevalence changes of metabolic syndrome
The prevalence changes of metabolic syndrome by nutrition treatment are shown in Table 4 . In the in-depth nutrition education group, fasting blood glucose, triglyceride, HDLcholesterol, blood pressure, and abdominal circumference was account for 14.3% (16 items), 19.6% (22 items), 21.4% (24 items), 19.6% (22 items), and 25.0% (28 items), respectively in a total of 112 metabolic syndrome risk factors. Following 3 month of MNT, the total number of risk factors decreased to 85 items in the in-depth nutrition education group, in which fasting blood glucose, triglyceride, HDL-cholesterol, blood pressure, and abdominal circumference were decreased by 17.6% (15 items), 12.9% (11 items), 20.0% (17 items), 23.5% (20 items), and 25.9% (22 items), respectively. In the single-visit nutrition education group, fasting blood glucose, triglyceride, HDL-cholesterol, blood pressure, and abdominal circumference were decreased by 17.2% (17 items), 19.2% (19 items), 21.2% (21 items), 16.2% (16 items), and 26.3% (26 items), which showed that the total number of risk factors of metabolic syndrome decreased to 99 items. Over the 3 month intervention period, the changes in prevalence of metabolic syndrome were significantly different between two groups (in-depth nutrition education group: 45.5% vs. in the single-visit nutrition education group: 69.7%) (p < 0.05).
Discussion
As the chronic disease and the resulting death rate increase, it is important to discover the risk factors of metabolic syndrome and is necessary to develop optimal medical services for these patients. Accordingly, this study was designed to determine nutrient intake and the effects on risk factors of metabolic syndrome through telephone nutrition counseling according to the standard MNT guide for patients with metabolic syndrome who visited a health improvement center.
The effects of nutrition education on abdominal circumference were significant in both the a single-visit nutrition education group and the in-depth nutrition education group, which showed the usefulness of continuous management through telephone counseling in the prevention of cardiovascular disease and treatment of metabolic syndrome. Additionally, total cholesterol and triglyceride levels were significantly reduced after nutrition education; in particular, cholesterol concentrations decreased by more than 6.6% in both groups. This reduced rate of serum cholesterol levels is equivalent to previous research results showing that total cholesterol levels decreased 3 to 14% by NCEP dietary guideline continued for more than 3 months [20] and coincident with the previous study results showing that serum total cholesterol levels decreased by 8 to 15%; improvements in lipid levels were achieved by individual education [11] . When considering the total cholesterol versus HDL-cholesterol rate (that is, the arteriosclerosis indicator is more than 5), cardiovascular risk is reported to increase; this research showed that the changes of arteriosclerosis were greater in the in-depth nutrition education group than the single-visit nutrition education group, which suggested that the in-depth nutrition education was more effective in the prevention of cardiovascular disease. According to the research of Lim et al. [2] , which was conducted based on a Korean National Health and Nutrition Examination Survey (KNHANES) in 1998 and 2001, the prevalence rate of metabolic syndrome increased rapidly from 23.6% in 1998 to 28.0% in 2001 and was related to the increased percentage change of patients with low HDL cholesterol levels (36.3%), high triglycerides (18.0%), and abdominal circumference (17.0%).
According to research results for the relation between hyperlipidemia and coronary artery disease, a 1% decrease in cholesterol level reduced the frequency of coronary artery disease by 2% [23, 24] and a 10% decrease in cholesterol level from dietary therapy and medication therapy reduced the incidence of cardiac infarction by 20% [25, 26] . Accordingly, the management of lipids and abdominal obesity through standardized MNT, as suggested by this study, should be widely implemented to reduce the incidence rate of cardiovascular diseases.
There was no significant change in blood glucose homeostatic indicators, such as fasting blood glucose levels, insulin, and HOMA-IR after MNT intervention in both groups. Because a diet with high carbohydrate content increases blood fasting glucose concentration and decreases HDL-cholesterol concentration in general, the intake of carbohydrates is encouraged to maintain 50-60% of total calories for patients with metabolic syndrome [23] . However, the intake of carbohydrates after nutrition education in both groups was more than 60% and there was no significant difference in the carbohydrates intake rate against total calorie intake. It might explicate no change in blood glucose homeostatic indicators, although the intake of carbohydrates was decreased after nutrition education. There were no significant differences between two groups in dietary intakes and especially in sodium intakes after 3 month MNT. It could be due to difficulty in adapting change in dietary habits and especially in reducing sodium intakes for short period of time. According to the study by Kim et al. [27] , patients with metabolic syndrome had a higher carbohydrate intake ratio than normal, while the intakes of nutrients such as vitamins and minerals were poor. Therefore, patient centered personalized MNT should be implemented by a professional dietician under proper diet therapy protocol continuously.
There were significant differences between two groups on risk factors of metabolic syndrome such as triglyceride and prevalence of metabolic syndrome after 3 months nutrition education. It seems that when subjects are motivated through customized education rather than general education, the efficiency of the education is increased. Although a face-to-face interview has merits in that close relationships are formed by the conformity of subjects, it is difficult to accept many applicants at limited time due to restrictions of time and space.
In this study, continuous nutrition education consultation was conducted through telephone counseling. Previous studies indicated that online mediation programs through web-based customized intervention programs and the use of the internet and e-mail increased the efficiency of dietary intervention programs [28, 29] . However, the telephone is an important mode of communication between patients and medical personnel, and telephone management has merits allowing an opportunity to provide advice and nutrition education, and acts as a bridge between the home and hospital thereby improves patient satisfaction with medical personnel by helping discover problems, provides follow-up education, and reinforces performance [30] . As shown in the results from this study, telephone counseling can effectively provide advice and education and seems to be useful for patients with metabolic syndrome who require continuous health behaviors improvements.
According to a precedent study, low-calorie and low-fat meals with more than 150 minutes of exercise a week decreased the body weight greater than 7% and the prevalence of metabolic syndrome by 58% [31] . This has important significance clinically because it shows that risk factors of disease can be reduced through changes in life styles. The in-depth clinical nutrition education method suggested by the present study shows that incidence rates of metabolic syndrome can be reduced by promoting life styles including dietary habits after nutrition education.
Because telephone counseling has been shown to increase intentions of performing nutrition management, individual education through long-term follow-up management should be implemented in the treatment of patients with metabolic syndrome. Although the prevalence of metabolic syndrome was investigated 3 months after nutrition education in this study, studies on the long-term effects of MNT should also be performed.
